Peintinger: SNB represents a minimally invasive procedure for axillary staging and is reported to be predictive of axillary status. Different mapping agents can be injected: either blue dye alone or in combination with a radioisotope [1] . My personal experience with SNB started in the late 1990s using blue dye alone with a learning period of approximately 50 cases. At this time the identification rate was 96% and the accuracy was 98.6% [3] . Currently we are using a radiocolloid in combination with blue dye and the identification rate is slightly higher. In my experience a shorter surgery time is achieved due to easier identification of the sentinel node with dual signalling (visual and acoustical). To evaluate the safety of SNB we observed 200 patients with negative sentinel nodes in a mean follow up of 3 years and found no axillary recurrences [4] .
Schrenk:
We began using SNB for axillary staging in breast cancer patients in 1996. At that time SNB was rarely used and still considered an experimental procedure. Between 1996 and 1998 we gained further experience with the technique in quite a number of patients, and SNB without axillary lymph node dissection (ALND) in case of a negative sentinel node was used at our clinic since 1998. From 1998 we broadened the indications for SNB and nowadays use it for axillary staging in almost all breast cancer patients. I consider it essential for a surgeon to learn lymphatic mapping and SNB from scratch and with all the tricks. A learning period of a minimum of 30 cases with backup ALND in case of a negative sentinel node and a false-negative rate not higher than 5% is generally suggested before clinical use. Experience with the procedure is Kühn: Sentinel node biopsy (SNB) has been accepted as the gold standard for axillary staging in breast cancer. A few years ago we had to justify the indication for SNB. Today we have to justify full axillary dissection as a staging procedure in clinically negative breast cancer patients. This is an important progress for an improved and targeted breast cancer surgery.
Goyal: SNB has been validated in several multicentre studies and is now the standard of care for nodal staging in early breast cancer. The failed localisation rate and the false-negative rate have improved as the technique has evolved. The National Institute of Clinical Excellence (NICE) in the UK has recommended SNB as the preferred technique to stage the axilla. The technique is oncologically safe with no adverse impact on axillary local recurrence and survival.
Tausch: After performing hundreds of SNBs I am still tense at every procedure, even if the majority of these operations work simple. SNB is a fascinating method improving axillary staging in the treatment of breast cancer, which is able to decrease morbidity of the operative procedure. There are no signs for increasing numbers of axillary recurrences by the use of this method.
Haid/Kühn/Goyal/Tausch/Peintinger/Schrenk/ Gallowitsch required and this cannot be trained watching experienced surgeons doing 5 cases in a weekend workshop. However, most patients request to forego ALND in case of a negative sentinel node and this makes it difficult for surgeons starting with SNB to gain experience with the procedure and do backup controls (through ALND).
Gallowitsch:
After the introduction of SNB in Austria, in the beginning there was a lot of scepticism about this minimally invasive procedure as several issues remained unsolved. Due to the activities and dedication of the Austrian Sentinel Node Study Group and all involved disciplines, it soon became clear that this method could only have a chance to be implemented in the therapy of breast cancer patients if high quality standards were met and the indication was clearly defined. The importance of a learning period for surgeons/ gynaecologists, pathologists and nuclear medicine physicians was recognised early and SNB was performed initially only within prospective trials and compared with the results of conventional ALND. The initial relatively high false-negative rate could be reduced to a lower level between 5 and 10% by multisectional slicing and immunohistochemistry (IHC). In our (Nuclear Medicine) department but also in other departments, different application techniques (peritumoral, subdermal, subareolar or combined), different volumes and amount of injected material were investigated and the procedure could be optimized with currently nearly 100% detection rates of the sentinel node. This, combined with other advantages was the reason that the surgeons more and more relied on the radiotracer technique in our country, sometimes combined with blue dye. Nevertheless, there remains a certain scepticism regarding to the long-term results which are missing, although the data obtained so far are very promising (see below). Goyal: SNB is suitable for all patients with invasive breast cancer and negative nodes in clinical or ultrasound examination, irrespective of tumour size. It may be suitable for selected patients with clinically positive axillae, 25% of whom have been shown to be node-negative. These patients should undergo ultrasound-guided FNA or core biopsy; node-positive patients can proceed directly to ALND while those who are negative undergo SNB. More data are needed to clarify the role of SNB following neoadjuvant chemotherapy and in patients who develop breast recurrence following breast conservation and SNB.
Tausch: SNB is recommended for T1-2 breast carcinoma patients with clinically negative axilla. It is reliable for unicentric and multicentric tumours. I prefer the method also for highgrade DCIS (ductal carcinoma in situ) with necrosis, especially when the tumour lies in the upper outer quadrant, because if invasion is proved in the definitive histology of the removed specimen the method could be of limited value in a second operation. For non-high-grade DCIS and other tumour sites I do not perform SNB. SNB can be applied in the framework of prophylactic mastectomy for patients with mutation in the BRCA1/2 gene.
Peintinger:
The clear indications for SNB are T1-2 invasive breast cancers and a clinically negative axilla. Excisional biopsy and multicentric breast cancer are currently also considered an appropriate indication for SNB [5] . In cases of an extensive DCIS (size ≥4 cm, palpable mass, high-grade) requiring mastectomy there is some risk of invasion and SNB is recommended. However, this technique is not recommended for pure DCIS, since the prevalence of (macro)metastatic sentinel nodes is lower than 1% [6] . In contrast, the clinically positive axilla and inflammatory breast cancer represent contraindications to SNB. For patients receiving PCT it is still controversial whether SNB should be performed before or after chemotherapy. Although there are some advantages for pre-operative SNB (determines need for axillary dissection, successful identification and highly accurate) the disadvantages (second operation, loss of information about nodal response to chemotherapy, potential increase in axillary dissection) outweigh the potential benefit from PCT.
Schrenk: I would like to answer the question the other way around. In my opinion there are only two contraindications to SNB. One is inflammatory beast cancer (very low identification rate, clinically positive node in many patients) and the other is no histologically proved cancer. Indications not generally accepted are multicentric carcinoma, SNB after prior breast or axillary surgery (e.g., local recurrence), T3, T4b cancers and SNB prior to planned preoperative chemotherapy or hormonal treatment. The use of SNB in these patients largely is driven by personal experience and it is just a matter of time before these indications will become standard indications for SNB. Kühn: There is no consensus on the role of SNB in patients who undergo PST. Since SNB is a staging procedure it might influence local and systemic treatment decisions in nodenegative patients if it was performed prior to chemotherapy. On the other hand, patients who convert from a positive to a negative axillary status could be spared axillary dissection, if SNB was reliable in this setting. The German SENTINA-Trial examines the role of SNB in the neoadjuvant setting.
Goyal:
The timing of SNB with respect to neoadjuvant chemotherapy in early stage breast cancer patients remains a subject of debate. Pre-chemotherapy SNB accurately stages the axilla and may affect the choice of chemotherapy regimens used in sentinel node-positive patients. Post-chemotherapy SNB avoids a second surgery and does not delay the start of neoadjuvant chemotherapy. It identifies node-positive patients who have been downstaged to N0 by neoadjuvant chemotherapy and therefore can be spared ALND. However, neoadjuvant therapy may achieve a 'patchy' kill of metastatic disease in the axillary lymph nodes leading to a higher false-negative rate. In Cardiff, we perform SNB before primary systemic therapy, with ALND performed after chemotherapy if disease is present in the sentinel node.
Tausch: After PCT SNB is reliable but is afflicted with a higher false-negative rate and cannot be recommended outside of clinical trials. There is little experience with SNB before PCT which can better predict the axillary status. The benefit of axillary downstaging by PCT is lost and a second operation is necessary. In our institution SNB is performed before PCT combined with the implantation of a port-a-cath system.
Peintinger:
To date there are enough data supporting the implementation of SNB in patients receiving PCT. The purpose of SNB in this setting is the appropriate surgical and radiation treatment based on the information about the extent of disease before as well as after chemotherapy. For adequate planning of breast conserving treatment or mastectomy with or without axillary radiation it is essential for patients to be staged accurately. However, the appropriate timing of SNB is still under discussion. It is important to know that SNB after chemotherapy is as feasible and accurate as it is before chemotherapy. In my opinion, pre-SNB is associated with a major disadvantage. Given that PCT converts up to 40% of positive axillary nodes into negative nodes, a number of patients will be treated unnecessarily with an axillary dissection. Also, the loss of information about the response of the removed sentinel node(s) to chemotherapy may provide false prognostic information.
Schrenk:
We routinely perform SNB prior to PCT in patients with a clinically negative axilla. Patients with a clinically (or sonographically) positive axilla undergo FNA biopsy to verify metastatic disease and then are scheduled to have SNB after PCT. The algorithm in figure 1 shows our approach to SNB in case a PCT is planned [7] .
Gallowitsch: SNB before PCT can be used to stratify the axillary intervention after PCT. Schrenk et al. [7] demonstrated a 0% positivity rate after PCT when the sentinel node was negative or had only micrometastatic disease before PCT. Therefore, a negative sentinel node can be a predictor of a negative axilla after PCT and ALND could be abandoned in these patients. SNB after PCT is another issue which should be discussed. Haid/Kühn/Goyal/Tausch/Peintinger/Schrenk/ Gallowitsch a different behaviour and response to PCT of metastatic tumour cells in the sentinel node and the primary tumour? Is it the diminished accessibility of the metastatic cells in the sentinel node for the PCT? According to the results of the Austrian Sentinel Node Study Group, there was a 42% positivity rate in the sentinel node after 3-6 courses of chemotherapy which is supported also by Grube et al. [8] (55% positivity), even if the primary tumour in the breast demonstrated complete histologic response. According to the results of several studies, the results after PCT are quite comparable to the conventional sentinel node procedure and seem to be reliable. Kühn: Patients with a clinically positive axillary status are often excluded from SNB; however, 25% of these patients turn out to be histologically negative. Since full axillary dissection is associated with a high morbidity, the indication should not be based on clinical findings but on histologic results. The rate of patients with a pN0-status who receive full axillary dissection should be defined as a (negative) quality measure.
Goyal: Axillary ultrasound is a quick, noninvasive outpatient procedure but the results are operator dependent. It should be performed in all patients who are investigated for early invasive breast cancer and, if morphologically abnormal lymph nodes are identified, ultrasound-guided FNA or core biopsy should be performed. Patients with FNA or biopsy proven metastasis can undergo axillary lymph node dissection, thus avoiding unnecessary radiation exposure, morbidity, cost and inconvenience of SNB. All patients with an ultrasound-negative FNA or biopsy of an abnormal node should undergo SNB because of the high false-negative rate. Our own data show that axillary ultrasound can avoid unnecessary SNB in 30% of node-positive patients.
Tausch: We perform ultrasound of the axilla and in the case of a suspicious lymph node we do FNA to verify the suspicion. This way we can identify a higher rate of node-negative patients preoperatively.
Peintinger: Clinical assessment of axillary nodal status before axillary surgery by ultrasound alone has a low sensitivity in predicting subclinical disease. Overall sensitivity is approximately 60%. A reasonable approach, as seen at the MD Anderson Cancer Center, is the ultrasound-guided FNA in patients with breast cancer. FNA and core biopsy show a higher sensitivity compared to ultrasound (75 and 82%, respectively) for predicting axillary status [9] . Although FNA is a cost-effective approach (in contrast to core biopsy) for accurate FNA a high amount of experience in technique and cytology is required.
Schrenk: Axillary staging prior to surgery (using clinical examination and sonography) is mandatory to exclude or identify positive / suspicious lymph nodes (although sonography is associated with a high false-negative rate, which may be as high as 30%). In case of suspicious axillary lymph nodes we perform a sonographically guided FNA biopsy to diagnose metastatic disease, which allows us to perform a primary axillary dissection instead of wasting time on SNB. Whenever FNA biopsy shows no metastatic lymph node we do a SNB.
Gallowitsch: Similar to PET and CT, the negative predictive value and accuracy of axillary ultrasound to exclude axillary micrometastases is too low to accurately stage the axilla. The accuracy of PET, ultrasonography and the combination of both revealed an overall accuracy of 82, 79 and 85%, respectively [10] . Nevertheless, with an experienced investigator and combined with FNA or core needle biopsy, it is a useful and highly specific tool to exclude lymph node macrometastases which obviates the use of SNB in these patients [9] , but substantially increases the costs.
Question 5: Which Kind of Sentinel Node Mapping Do You Prefer in Your Clinical Practice? Does the Combined Method with Blue Dye and Radiocolloids Make Sense?
Kühn: The use of a radiocolloid is mandatory for us. The additional use of blue dye is optional and may help to identify the sentinel node faster in some cases. We rarely identify additional sentinel nodes with blue dye alone. I do not believe that the combined technique reduces the false-negative rate.
Goyal: Our standard method is to inject the isotope intradermally at a single periareolar site in the index tumour quadrant (or cephalad of the previous biopsy scar), in a volume of 0.05 ml of normal saline. Patent blue V injection is always given in the operating room just prior to surgery. We inject subdermally at a single periareolar site in the index tumour quadrant. All patients undergo pre-operative lymphoscintigraphy at least 15 minutes after the radioisotope injection. However, we do not think this is necessary once the surgeons are past their learning period. This injection technique has a failed-localisation rate of 1% and a false-negative rate of less than 10%. We and the NICE guidelines (UK) recommend the use of combined technique to maximize both the success and accuracy of SNB. Our data show that the false-negative rate will increase by 3-4% by relying on a single technique of localisation.
Tausch: We prefer the radiocolloid tracer and subareolar injection. In more than 95% the scintigraphy shows a sentinel node in the axilla and we can avoid the time-consuming blue dye injection. Peintinger: In clinical routine I prefer the combined lymphatic mapping method for the practical reasons I mentioned before. We perform scintigraphic localisation of the sentinel node(s) by peritumoural injection of radiocolloid (Tc-99 labelledalbumin, Nanocoll ® ) 16-18 h before surgery. Intra-operatively we inject 2 ml blue dye (Patent Blue ® ) subareolarly. We do not use peritumoural injection of blue dye to avoid discolouration of the tissue. In my opinion the experienced surgeon may offer highly accurate performance with both methods of lymphatic mapping used in combination or alone.
Schrenk:
Since we have started out SNB using the vital blue dye for mapping and used it almost exclusively for 2 years we rapidly gained experience with the dye alone. However, whenever possible we prefer the combined approach with blue dye and radiocolloid. This is especially mandatory with indications such as prior surgery to the breast and/or axilla (e.g. reoperative SNB in case of local recurrence), prior or after PCT, multicentric carcinoma, and when we try to avoid a separate incision in the axilla. In these cases the combined approach helps in identification of extra-axillary sentinel node(s) outside the standard lymphatic drainage pattern to the axilla. We inject around the tumour (when using blue dye alone) or around the tumour (blue dye) and subareolarly (radiocolloid). Studies found that the peritumoural injection is comparable to the subareolar injection with respect to identification rate and false-negative rate.
Gallowitsch:
Most of my surgical colleagues use both methods in the learning phase to become familiar with the method. After this period many of them use only the radiocolloid method because of its obvious advantages: a long time window with the possibility to perform the application 24 h prior to the surgery, stable retention in the sentinel node, easy access and localisation with the help of the gamma probe and no tattooing. This is only possible after passing a learning phase for all involved disciplines.
Question 6: Which Method of Intraoperative Histopathologic Examination Is Your Everyday Routine and How Reliable Is It?
Kühn: Intraoperatively the sentinel node is examined by frozen section in our institution. Although the in literature intraoperative assessment of sentinel nodes is associated with a false-negative rate of >20% we have few secondary interventions. These are mainly due to micrometastases.
Goyal:
We routinely use the Gene Search™ BLN (breast lymph node) Assay for intraoperative assessment of the sentinel node. The assay can be performed and the results interpreted by a trained technician without the need of a pathologist. The assay has a sensitivity of over 87% and a specificity of over 94%. The turnaround time of the assay is comparable to that of frozen section (~30 min).
Tausch: In our everyday routine the sentinel node is sectioned in 2-mm slices during the operation. These slices are examined by loupe. If suspicious areas appear, a frozen section will be performed of this slice. Our pathologists take care to spare tissue of the lymph node as much as possible for routine H and E staining and IHC. By this technique sentinel metastases are found intraoperatively in 6.0% but in 11.5% the metastasis is only seen in the definitive examination.
Peintinger: Frozen section is the conventional method we use for the intraoperative evaluation of the sentinel lymph node in clinical routine. Unfortunately, there are a number of disadvantages using this method, such as loss of tissue, potential loss of micrometastases, freezing artefacts and fatty axillary lymph nodes that are difficult to cut. The reported sensitivity of frozen section is around 72% in comparison to touch imprint cytology (50%) and rapid cytokeratin immunostaining in combination with frozen section (83%) [11] . Alternatives may represent frozen section of the entire sentinel node as performed in Milan -a method that is time consuming and cost ineffective. In the near future we plan to use intraoperative assays, which have shown a sensitivity of around 95% and results available within 30-40 min [12] .
Schrenk:
We always do a frozen section of the sentinel node, which avoids a secondary ALND in about 35% of patients compared to when no frozen section is done. Frozen section consists of bisection of the node and 3 sections of one half. In some patients we do additional intraoperative IHC on these sections. This approach diagnoses almost all patients presenting with sentinel node macrometastases. Contrary to that most micrometastases and isolated tumour cells (ITC) are only found in the permanent sections. Overall around 10% of our patients with a negative SNB in the frozen section are diagnosed with metastatic disease in the permanent sections. I would prefer a complete intraoperative examination of the sentinel nodes(s) with IHC (as they do it in the European Cancer Institute in Milan) to avoid secondary axillary surgery. However, this is only practicable in large centres but is impossible in everyday routine.
Gallowitsch: In our hospital, frozen section analysis is performed in each patient followed by serial multislice sectioning and ICH according to the Austrian standard defined by the Austrian Society of Pathologists and the Sentinel Node Study Group. According to the literature, frozen section analysis is very sensitive (about 98% [13] ) to detect macrometastases in the sentinel node and delayed completion ALND can be avoided in 98% of patients who underwent SNB with frozen section analysis. The conversion rate between frozen section and definitive histology (including ICH) in more than 1, 160 Haid/Kühn/Goyal/Tausch/Peintinger/Schrenk/ Gallowitsch patients in the Austrian multicentre study was about 13% -which means that only this proportion had secondary ALND whereas a third of patients without frozen section had to undergo secondary ALND. After passing a learning phase even for the pathologist, multisectional H and E staining and IHC seems to be very reliable to accurately diagnose the sentinel node status. The balance between the costs and the workload for the pathologists on one hand and the histopathologic outcome on the other hand is still a matter of debate. Kühn: Today we only have data on non-sentinel-node involvement in patients with micrometastases in the sentinel node (10-20%). For this reason, we recommend secondary axillary dissection in these patients. We have, however, insufficient data on the outcome of patients who do not undergo further surgery. I believe that we will abandon full axillary surgery in patients with micrometastases very soon. However, the data are not available yet.
Goyal:
We routinely offer completion axillary lymph node dissection to patients with sentinel node micrometastasis as additional H and E detectable disease within non-sentinel nodes is found in 15-20% of these patients.
Tausch:
In case of intra-operative finding of metastases a completing ALND is mandatory. If a micrometastasis is only found at postoperative work-up of the sentinel lymph node the decision for secondary axillary dissection is influenced by patient-related factors like age, comorbidity, affinity to a new operation and the special need for safety. Additionally we can enrol our patients with micrometastases to an open clinical trial (IBCSG-23).
Peintinger: The standard of care is to perform axillary clearance in case of micrometastatic disease in the sentinel lymph node. However, the prognostic significance of micrometastases is still uncertain: the incidence of non-sentinel metastases is between 13 and 22% and of those only 4% will have an axillary recurrence (total of 0.8%). Based on this information axillary dissection can be omitted in selected patients. In case of favourable patient and tumour characteristics (small tumour size, highly differentiated, endocrine responsive tumour and elderly patient with co-morbidities) we abandon axillary clearance when micrometastatic disease was found in the sentinel node intra-or postoperatively. In these patients postoperative treatment decisions would not change significantly if axillary clearance was performed. In contrast, axillary morbidity would decrease quality of life with no clear benefit for overall survival.
Schrenk: When the frozen section reveals a metastatic sentinel node (macro-or micrometastasis) we perform ALND of the first and second level. In case of a negative sentinel node in the frozen section but macrometastatic sentinel node in the permanent examination we always do a secondary ALND. In case of micrometastases found in the permanent examination we suggest ALND when the metastatic size exceeds 1 mm. In case of micrometastases < 1 mm or ITC we inform the patient that there is a small (5-14%) chance of further positive nodes in the axilla, and do not suggest further ALND. This approach, however, requires informed consent of the patients and all patients are followed up in clinical studies using a clinical and sonographic axillary examination every 3 months [14] . Kühn: SNB is a precise staging procedure for the pN status. It reduces shoulder-arm morbidity significantly. The quality of life of patients with early breast cancer is improved.
Goyal: Molecular analysis of the sentinel node using real-time RT PCR-based assays is the greatest advance in SNB. However, it raises a number of interesting issues. Should a sample of the lymph node be paraffin embedded and archived or should the whole node be submitted for the PCR assay to minimise sampling error? The current recommendation is that the sentinel nodes should be handled as in the validation studies, i.e. sliced fresh into 1.5-3-mm slabs and alternate slabs should be submitted for PCR and paraffin section histopathology. The node homogenates cannot be stored indefinitely and this approach allows permanent archival material to be stored in paraffin wax.
The greatest advantages are the decreasing axillary morbidity for half of our patients and the better understanding of lymph node involvement of the axillary basin since we perform SNB.
Peintinger: SNB is a diagnostic test predicting the axillary status accurately and is associated with a low morbidity and a better quality of life.
Schrenk:
A negative SNB does not require an ALND and is associated with negligible morbidity. This is best seen when a positive sentinel node in the permanent examination requires secondary ALND. The more exact examination of the sentinel node(s) allows diagnosis of more patients with metastatic
